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TITLE OF THE INVENTION 

ROLLED PAPER CONVEYING APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to Japanese Patent Publication 2002-307749 filed 
on October 23, 2002, the entire contents of which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a rolled paper conveying apparatus, such as an 
image forming apparatus, a printer, a facsimile device, a cash register, or a ticket vending 
machine. 

Description of the Related Art 

[0003] Various machines, such as duplicating machines, printers, facsimile machines, 
registers, and ticket vending machines, use rolls of paper for generating a printed output. 
Rolled paper includes a plane body, such as light-sensitive paper, heat-sensitive paper, 
standard paper, or a film, which is wound aroimd a core. Various methods are used to detect 
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the end of rolled paper being used. 

[0004] Rolled paper is generally defined as paper that is wound around a core. 
Furthermore, it is classified based upon whether end of the rolled paper is adhered to the core 
or is not adhered to the core. Generally, the end of the rolled paper is adhered to a core to 
avoid vibration of the end of the paper once the paper is completely unwound from the core. 
Additionally, the end of the paper is adhered to the core in order to easily wind the paper 
around the core during manufacturing. 

[0005] Various methods are used to detect when an end of the paper of a rolled paper is 
reached. For example, the end of the rolled paper can be marked. Additionally, a method 
can be used that detects when the outer diameter of the rolled paper becomes small. (See, 
e.g., Japanese Patent Laid-Open No. Hei 1-38119.) Another method detects a conveyance 
speed of paper according to an outer diameter of the rolled paper becoming small with an 
encoder. (See, e.g., Japanese Patent Laid-Open No. Hei 5-16499.) Another method detects 
a tension between the core and the conveyance drives, where the tension is produced because 
of the conveyance drive pulling on the core. (See, e.g., Japanese Patent Laid-Open No. 
2000- 1 09256.) Furthermore, there is a method to add a detection device. (See, e.g., 
Japanese Patent Laid-Open No. 2000-136058.) 

[0006] However, the above methods have various disadvantages. For example, a method 
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of detecting a tension between a core and the conveyance drives may misinterpret tension that 
occurs when the machine starts or when rotational speed changes, since a temporarily high 
state tension can occur at these times. In this case, the problem also exists that the driving 
gear that is driven by a drive device can be broken by being overly pulled, hi order to 
accovmt for such a consideration, the drive device tends to become complicated, which 
increases the cost of the device. 

[0007] Various methods require the use of a specific type of rolled paper, thereby limiting 
the choices of paper that can be used in a particular machine. Therefore, in addition to a 
specific kind of paper and a specific size, the user must also use a rolled paper having a 
specific type of marking that that allows the machine to detect the end of the rolled paper. 
For example. Figures 11(A)-(E) depict many different kinds of rolled paper having various 
markings. Another problem with such methods, the user may not be able to determine what 
kind of markings are used on a rolled paper until the paper is unrolled. Because, generally, 
until the paper is vinroUed, the user cannot confirm what kind of markings are used. As a 
result, the machine carmot detect the markings precisely if the wrong kind of marking is used 
with a given detector. 
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SUMMARY OF THE INVENTION 
10008] The present invention has been developed in order to solve at the least the 
above-mentioned problems. 

[0009] The present invention advantageously provides a rolled paper conveying apparatus 
that avoids breaking a drivmg gear to convey rolled paper. 

[0010] One embodiment of the present invention is a rolled paper conveying apparatus that 
includes a rolled paper having a core, a holding device enabling movement of the rolled paper 
from a first position to a second position, and a first detector detecting the state that the rolled 
paper has moved from the first position to the second position. 

[001 1] Another embodiment of the present invention is a rolled paper conveying apparatus 
that includes a roUed paper having a core, a holding device enabling movement of the rolled 
paper from a first position to a second position, a first detector detecting the state that the 
rolled paper has moved from the first position to the second position, and a depressed portion 
for storing used cores of the rolled paper. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Figure 1 A is a schematic illustration of a conveyer according to a first embodiment 
of present invention. 
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[0013] Figure 1 B shows a detection apparatus. 

[0014] Figure 2A shows a cross-sectional view of an attachment member of holder type to 
hold a rolled paper. 

[0015] Figure 2B shows a front view of the attachment member depicted in Figure 2A. 
[0016] Figure 2C shows a cross-sectional view of an attachment member of a flange type to 
hold a rolled paper. 

[0017] Figure 2D shows a front view of an attachment member depicted in Figure 2C. 
[0018] Figure 2E shows a cross-sectional view of another attachment member to hold a 
rolled paper. 

[0019] Figure 2F shows a front view of the attachment member depicted in Figure 2E. 

[0020] Figure 3A shows a schematic illustration of an embodiment of a conveyor along 

which a rolled paper is being transferred according to the present invention. 

[0021] Figure 3B shows a schematic illustration of the conveyor of Figure 3 A in which the 

rolled paper is in a stopped state according to the present invention. 

[0022] Figure 4 shows a schematic illustration of another conveyer according to an 

embodiment of present invention. 

[0023] Figure 5 shows a schematic illustration of a conveyer according to a second 
embodiment of the present invention. 



[0024] Figure 6 shows a schematic illustration of a conveyer according to a third 
embodiment of the present invention. 

[0025] Figure 7A shows a schematic illustration of an optical sensor in a detecting state. 
[0026] Figure 7B shows a schematic illustration of an altemative optical sensor in a 
non-detecting state. 

[0027] Figure 8 shows a schematic illustration of a conveyer according to a fourth 
embodiment of the present invention. 

[0028] Figure 9 shows a schematic illustration of a conveyer according to a fifth 
embodiment of the present invention. 

[0029] Figure 10 shows a schematic illustration of a conveyer according to a fiirther 
embodiment of the present invention. 

[0030] Figure 1 1 A shows a schematic illustration of end slate of a rolled paper. 
[0031] Figure 1 1 B shows a schematic illustration of another end state of a rolled paper. 
[0032] Figure 1 IC shows a schematic illustration of another end state of a rolled paper. 
[0033] Figure 1 1 D shows a schematic illustration of another end state of a rolled paper. 
[0034] Figure HE shows a schematic illustration of another end state of a rolled paper. 
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DETAILD DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00351 As shown in Figure 1 A, the conveyer 1 of this embodiment conveys rolled paper 2 
by conveying the paper in the direction of the arrow. As the paper is being unrolled, the 
rolled paper 2 remains in a first position PI. The conveyer has a maintenance member 5 
that allows the rolled paper 2 to move to a second position P2 within a fixed distance when 
the rolled paper 2 is in a state in which an end of the rolled paper 2 has been reached. A 
detection apparatus 6 is provided to detect movement of the rolled paper, and a guiding roller 
7 is provided to guide the paper 3 drawn from the rolled paper 2 toward the conveyance drive 
which is not illustrated. 

[0036] Maintenance member or holding member 5 is configured to have an open top, and is 
formed of a bottom board 8 and frame boards 9. A distance between the frame boards 9, 9 
is longer than that of the rolled paper 2 in the axial direction. In an upper end of the frame 
boards 9, 9, there are side portions 9a that extend in the vertical direction in Figure 1 . The 
maintenance member 5 includes a maintenance part 9b that has a semicircle shape with an 
open top, a slant part 9c that is connected to the maintenance part 9b, and a depressed portion 
9d that is connected to the slant part 9c via a bvimp. 

[00371 The rolled paper 2 is held in a rotatable manner by the maintenance part 9b. When 
the rolled paper 2 is held by the maintenance part 9b, the rolled paper 2 is located in the first 



position PI . The depressed portion 9d is level. When the rolled paper 2 is moved along 
the slant part 9c to the depressed portion 9d, the rolled paper 2 is located in the second 
position P2. 

[0038] As depicted in Figures 2A and 2B, the maintenance part 9b rotatably holds the 
rolled paper 2 by a pair of attachment members 10, 10 that have a portion with the same 
shape as the maintenance part 9b. In other words, the attachment member 10 of this holder 
type has a disc part 10a that has a larger outer diameter than that of core 4 of the rolled paper 
2, and a plug part 10b that has a slightly larger bigger outer diameter than an inside diameter 
of the core 4 of the rolled paper 2. Therefore, the attachment member 10 rotatably holds the 
rolled paper 2 by inserting the attachment member 10 in the core 4 of the rolled paper 2 from 
both sides in an axial direction. In this case, the attachment member 10 can be inserted 
easily within the core because a length of plug portion 10b that extends in the core 4 is short. 
Once the disc part 10a is fitted in the maintenance part 9b, the rolled paper 2 can rotate 
smoothly. 

[0039] The distance between the bottom board 8 and an edge of maintenance part 9b is 
greater than the largest radius of the rolled paper 2. Therefore, a gap is formed between the 
outer circumference of the rolled paper 2 and bottom board 8, so that the surface of paper 3 is 
not damaged through contact between the rolled paper 2 and the bottom board 8. 
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[0040] Figures 2C and 2D depict alternative configurations of the attachment member. 
Figures 2C and 2D depict an attachment 1 1 of a flange type that includes a main body part 
11a formed longer than the axial length of the core 4 and a flange part lib connected to both 
ends of main body part 11a. The main body part 11a has an outer circumference that is 
larger than the inside diameter of the core 4 of the rolled paper 2. The flange part lib has a 
smaller outer diameter than the inner diameter of the core 4 of the rolled paper 2. Therefore, 
by inserting the main body part 1 la in the core 4 of the rolled paper 2, the attachment 
member 1 1 holds the rolled paper 2 in a rotatable manner. 

[0041] Altematively, the rolled paper 2 can be rotatably held in the without inserting an 
attachment member in the rolled paper 2. For example, Figures 2E and 2F provides such an 
embodiment using maintenance rollers 12. In this configuration, one pair of maintenance 
rollers 12 is attached to the frame member 9 to keep the bottom of the rolled paper 2 rotatably 
supported. A slanted face 13 is provided such that the rolled paper 2 can move an appointed 
distance when the end of the rolled paper 2 is reached. 

[0042] Therefore, according to the configuration of Figures 2E and 2F, the attachment 
members 10 and 1 1 are not necessary, thus attaining a reduction of parts and making it is 
easier to exchange an old or used rolled paper with a new rolled paper. This configuration is 
also advantageous because various sizes and kinds of rolled paper 2 having various sized 
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cores can be rotatably supported and used with the conveyer 1 . Additionally, this 
configuration is also preferable since it does not include attachment member, which might 
require a tum assistance member (such as bearing) between a rotational member and fixed 
members in order to allow the rolled paper 2 to tum smoothly. 

[0043] As shown in Figure 1 A, a guiding roller 7 is provided at an upward position above 
the depressed portion 9d, which forms the second position P2 in Figure 1 A. The rotational 
axis of the guiding roller 7 is in parallel with the rotational axis of the rolled paper 2 held by 
maintenance part 9b. Therefore, the paper 3 does not touch the slant part 9c. 
[0044] A detection apparatus 6 is positioned below the maintenance part 9b. As shown in 
Figure IB, the detection apparatus 6 has two selected point of contact terminals 15, 16 and a 
swung swing arm 14, which is moved when the rolled paper 2 is transferred out of the first 
position PI . The swing arm 14 is arranged toward the guiding roller 7 from a lower position 
of the maintenance part 9b, and an end of the swing arm 14 is pivotally supported. 
Therefore, the swing arm 14 is supported to swing. 

[0045] A predetermined voltage of 5V is supplied to the sv^ng arm 14. A free edge of 
coil spring 17 is connected to swing arm 14. The swing arm 14 is biased to swing toward 
the first position PI by the coil spring 17. A branch member 14a is provided in the middle 
of the swing arm 14, and a contacting member 18 is provided on the tip of branch member 
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14a. The contacting member 18 can extend from the maintenance member 5 toward the 
rolled paper 2 in the first position PI or the disc part 10a of the attachment member 10. 
Therefore, when the rolled paper 2 is in the first position PI, the contacting member 18 is 
depressed by the rolled paper 2 or the disc part 10a to make swing arm 14 pivot downward. 
Thus, the contact terminal 15 contacts a tip of the swing arm 14, and thus output line 15a is 
connected to contact terminal 15. When the tip of the swing arm 14 contacts the contact 
terminal 15, a message in the form of a signal of a predetermined voltage is output by output 
line 15a. 

[0046] When the rolled paper 2 moved out of the first position PI, thereby removing the 
weight of the rolled paper pressing on the contacting member 18, then the swing arm 14 is 
moved upward by the coil spring 17. When the rolled paper 2 is transferred out of the first 
position PI, then the contact terminal 16 is contacted by a tip of the swing arm 14, An 
indication lamp 16a is connected to contact terminal 16. In this orientation, the tip of swing 
arm 14 is separated from contact with the contact terminal 1 5 and thus the output of the 
signal from output line 15a is stopped, and the indication lamp 16a is lighted to provide a 
message to the user due to contact between the swing arm 14 and the terminal 16. Therefore, 
when the rolled paper 2 is moved to the second position P2 from the first position PI, the 
output signal from the detection apparatus 6 changes. 
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[0047] There is a swing arm between the rolled paper 2 and the contact terminals 15, 16, so 
that the middle of the swing arm 14 is not pushed by the rolled paper 2 directly. The 
transfer width of the tip is increased, because the tip of swing arm 14 touches contact 
terminals 15, 16 by spring. Therefore, as the tip of swing arm 14 touches the contact 
terminals 15, 16 with enough speed, it can prevent missed detection. Otherwise, because 
transfer movement of the rolled paper 2 is conveyed via the swing arm 14, the electric point 
of contact mechanism can be installed at a distance apart from a path of movement of the 
rolled paper. In other words, the point where the tip of the swing arm 14 contacts the 
terminals 15, 16 is advantageously disposed inside the maintenance member 5, and thus dust 
is prevented from collecting at the contact terminals 15, 16. 
[0048] The following description explains the movement of the conveyer 1 . 
[0049] The member 10 is attached to the rolled paper 2, and the rolled paper 2 is set in the 
maintenance part 9b of the maintenance member 5 in the first position PI . It is possible to 
keep space to do attaching work easily. It is possible to set the rolled paper 2 at an 
appointed position to set in the first position PI automatically. The tip of paper 3 is drawn 
from the rolled paper 2 and is set to convey by a conveyeince drive via guiding roller 7. 
[0050] When the conveyer 1 conveys paper 3, conveyance of the rolled paper 2 is started 
such that the tip of paper 3 advances in along the conveyance course. The paper 3 is drawn 
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such that the rolled paper 2 rotates in the first position PI of maintenance member 5 
smoothly. 

[0051] When the rolled paper 2 is drawn to the end of the roller paper 2 where the paper 3 
is attached to the core 4, then the attachment member 10 is pulled by conveyance power via 
the paper 3. If the conveyance power is greater than the weight of the core 4 and the 
attachment member 10, then the core 4 and the attachment member 10 are pulled in a 
conveyance direction from the first position PI to the second position P2 as shown in Figures 
3 A and 3B. 

[0052] When the detection apparatus 6 detects the state that rolled paper 2 moved from the 
first position PI to the second position P2, it will stop conveyance movement of a 
conveyance drive immediately, so that the rolled paper 2 occupies the second position P2 as 
shown in Figure 3B. Therefore, it can be stopped without too much load being given to a 
conveyance drive and transmission mechanism of driving force. 

[0053] Figure 4 depicts an embodiment similar to the embodiment depicted in Figures 3 A 
and 3B. The embodiment in Figure 4 has a short slant part 9e, which requires less load on 
the conveyance mechanisms in order to move the rolled paper 2 from the first position PI to 
the second position P2. 

[0054] Figure 5 depicts a second embodiment of the present invention in which a conveyer 
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20 can return rolled paper 2 to the first position PI from the second position P2 by itself. In 
this embodiment, the maintenance member 5 has the second position P2 adjacent to the first 
position PL 

[0055] In the upper end of the frame member 9 of the maintenance member 5, the slant part 

21 is lengthened to an area adjacent to the guiding roller 7 to form the second position P2. 
The slant part 21 is formed upwardly from the first position PI to the guiding roller 7 to form 
a retum member for retuming the rolled paper 2 from the second position P2 to the first 
position PI. 

[0056] When detection apparatus 6 detects the state that the rolled paper 2 moved from the 
first position PI to the second position P2, it will stop conveyance movement of a 
conveyance drive when the rolled paper 2 is midway up the slant part 21 . The rolled paper 
2 will slide down along the slant face 21 to the first position PI, when the rolled paper 2 is 
cut manually or automatically, thereby removing restriction of paper 3 on a conveyance 
course. 

[0057] Figure 6 depicts a third embodiment of the present invention that includes a 
conveyer 30. This embodiment includes a detection apparatus 3 1 that differs from the 
previously described embodiments. This embodiment includes a detection apparatus that 
utilizes an optical sensor 32 of a non-contact type, rather than contact terminals. 
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[0058] The detection apparatus 3 1 has a search piece 33 adhered on the tip of swing arm 14 
and an optical sensor 32 installed in place of contact terminal 15 of the second embodiment. 
A terminal of the optical sensor 32 is connected to output line 15a. Therefore, when the 
swing arm 14 is moved underneath by the rolled paper 2 in the first position PI, the search 
piece 33 is moved within a detection range of the optical sensor 32. Therefore, a message in 
the form of a signal is output by the detection apparatus 31, since the optical sensor 32 is 
tumed on by the sensing of the search piece 33. Otherwise, when the swing arm 14 is 
moved upwardly when the rolled paper 2 is moved out of the first position PI, then the search 
piece 33 is moved out of range of the optical sensor 32, and the detection apparatus 3 1 stops 
outputting a signal because the optical sensor 32 is tumed off. 

[0059] Two embodiments of the optical sensor or photo sensor 32 are depicted in Figures 
7A and 7B. Figure 7A depicts an optical sensor 32A of a reflection type that detects 
reflected light from the search piece 33, and Figure 7B depicts an optical sensor 32B of a 
transmission type that detects the transmission of light depending upon the location of the 
search piece 33. 

[0060] The optical sensor 32A of the reflection type depicted in Figure 7A has a light 
emitting part 34a and a light receiving portion 34b in housing 34. The search piece 33 is the 
reflection member that h£is a reflection side, and a reflection side faces the light emitting part 
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34a and the light receiving portion 34b. Therefore, when the search piece 33 faces the light 
emitting part 34a and the light receiving portion 34b, light is reflected back by the search 
piece 33 and the reflected light is input into the light receiving portion 34b so that a message 
in the form of a signal is output from optical sensor 32A. Otherwise, when no reflected 
light is input into the light receiving portion 34b, then a signal is not output form optical 
sensor 32A. 

[0061] Figure 8 depicts a fourth embodiment of the present invention that includes a 
conveyer 40. In this embodiment, an optical sensor 42 is used to detect reflected light that 
varies according to the movement of the rolled paper 2 as shown in Figure 8. The optical 
sensor 42 can detect the end state of the rolled paper 2 without making the rolled paper 2 
touch another member. The optical sensor 42 does not detect reflected light when the core 4 
of the rolled paper 2 and the attachment member 10 are moved from the first position PI . 
The optical sensor 42 does detect reflected light when the core 4 of the rolled paper 2 and the 
attachment member 10 are in the first position PI . Thus, the optical sensor 42 can detect the 
presence of rolled paper 2 in the first position PI according to a search state of reflected light 
of the optical sensor. 

[0062] Figure 9 depicts a fifth embodiment of the present invention. In the fifth 
embodiment, when the rolled paper 2 reaches an end state and is moved, then movement of 
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the rolled paper 2 having left the first position PI is detected. The fifth embodiment 
includes a detection apparatus 51 that has an optical sensor 52 of a reflection type disposed at 
a position adjacent to the first position PI in the maintenance member 5. The optical sensor 
52 has a light emitting part and a light receiving portion (not illustrated), where the light 
emitting part is disposed in the maintenance member 5. Therefore, light from the light 
emitting part passes upwardly through the slant part 21 adjacent to the first position PI . The 
light receiving portion is disposed in the maintenance member 5. If the light receiving 
portion does not receive reflected light, then the rolled paper 2 has moved to the second 
position P2 from the first position PI. 

[0063] In a sixth embodiment of the present invention, after an end state of the rolled paper 
is detected, the paper 3 is cut and the conveyer continues processing the paper 3 forward of 
the cut (i.e., the portion of the paper separated firom the core). Paper rearward of the cut (i.e., 
the portion of the paper that remains attached to the core) is no longer conveyed. For 
example, when an end state is detected when the rolled paper 2 moves fi-om the first position 
PI to the second position P2, then a cutting operation is performed. 

[0064] In a seventh embodiment of the present invention, the conveyer is stopped when an 
end state is detected and after having stopped conveyance of roiled paper 2, the paper 3 is 
moved in a reverse direction to remove paper 3 firom a conveyance course. According to the 
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seventh embodiment, the rolled paper 2 is stopped when the end is detected so that the rolled 
paper 2 can be easily taken out from a conveyer, such that it is easy to exchange a used rolled 
paper with a new rolled paper. 

[0065] When rolled paper 2 is used that has a paper end that is adhered to core 4, it is 
usually necessary to remove the rolled paper 2 by cutting paper around the core 4 and 
removing paper on the conveyance course. In particular, it is necessary for a user to do 
removal work carefully, since the rolled paper 2 can easily break o£F, and since the paper can 
wrinkle. Thus, according to this embodunent, the rolled paper 2 and the core 4 can be 
removed simultaneously by conveying rolled paper 2 in a reverse course. The paper 3 is 
removed from a conveyance course by winding the paper 3 on the core 4. Thus, when 
setting a new rolled paper 2 in a conveyer, it is unnecessary to remove paper 3 from the 
conveyance course. This is particularly important when the rolled paper 2 has sensitive 
quality. 

[0066] In an eighth embodiment of the present invention, once the end state has been 
reached and the conveyance of the rolled paper 2 has stopped as shown in Figure 3B, the 
binding force on the paper 3 from a conveyance course is released so that the paper 3 can be 
removed by hand. In other words, the conveyance drive releases a torque of a conveyance 
drive to convey rolled paper 2 so that the paper 3 can be easily removed. 
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[0067] Figure 10 depicts a ninth embodiment of the present invention that includes a 
conveyer 90 with a conveying device 91 A and a conveying device 9 IB. In the ninth 
embodiment, when the rolled paper 2A reaches an end state, the paper feed is changed to the 
rolled paper 2B, which is prepared beforehand, in order to continue conveyance of paper 3B. 
[0068] The conveyer 90 has sl second detection apparatus (not illustrated) that detects the 
presence of paper 3 A on a conveyance course. Therefore, when the rolled paper 2 A reaches 
an end state, the second detection apparatus detects that there is not paper 3 A on a 
conveyance course, and thus conveyance of the rolled paper 2B starts. 
[0069] In a tenth embodiment of the present invention, when the detection apparatus 
detects that the rolled paper has moved from the first position PI to the second position P2, a 
conveyer of this embodiment has notification means to notify a user of the movement of the 
rolled paper so that the user can respond quickly. 

[0070] The various embodiments of the present invention provide many advantages, as 
described below. 

[0071] According to the present invention, as the end of the rolled paper is detected by 
detecting that the rolled paper including a core has moved from the first position to the 
second position, there is no need to depend on the specific type of rolled paper being used. 
[0072] According to the present invention, as the slant part is formed upwardly from the 
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first position PI to a gviiding roller, then the rolled paper 2 will slide down to the first position 
PI along the face of slant part 21 by itself, thereby making it easier for a user to understand 
the set place. 

[0073] According to the present invention, since the movement of the rolled paper is 
detected automatically, the invention attains high reliability and durability. 
[0074] According to the present invention, since certain embodiments utilize an optical 
sensor, the device can be simplified and the printing quality can improve since the paper is 
not damaged. 

[0075] According to an embodiment of the present invention, after detecting an end state of 
the rolled paper, the paper can be cut and the portion of the paper above the cut is conveyed 
in a conveyance course, so that it is easy to exchange the rolled paper. 

[0076] According to an embodiment of the present invention, as the rolled paper reaches an 
end state, it possible to changed the paper feed to another rolled paper prepared beforehand to 
continue conveyance of the paper, so that a continuous supply of paper is provided. 
[0077] According to an embodiment of the present invention, since the maintenance 
member or holding member includes a depressed portion for storing the used rolled paper, a 
user can attach a new rolled paper v^dthout removing the core of old rolled paper. Generally, a 
width of the core of the rolled paper is long (e.g., about Im) and thus the weight of the rolled 
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paper is heavy (e.g., about 10kg). The apparatus of the present invention can temporarily 
store used cores of rolled paper within the depressed portion, so that a user can discard the 
used rolled paper and change rolled paper at a convenient time. 
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